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ARTICLES
Detection of dental decay and its extent using a.c. impedance spectroscopy
C h iu sto i’hku L on g  b o tto m 1, 
M arik-C harioti'i; D.N.J. Huysmans2, N igi-x B. Prrrs1,
Pkzkmysi.aw Los3 and Pktku G. Biiuce:i
'Department of'Dental Health, University o f  Dundee Dental School,
Park Place, Dundee, D D l 4 HR, Scotland
I t riilKON: Insiliate /'or Dentai (Muletti Research, Deporti nenl o f  Cariolo$y 
and Endodontolo^y, University of'Nijmv$en, Nijnu^en, The Nvtìierhmris 
\School afCìiemistry, University of'St, Andrews, St. Andrews, Scollami
Correspontìence shouìd he addressed to C.L
Dental caries (decay), the most prevalent of diseases, 
represents a health problem of immense proportions1, It 
principally affects posterior (back) teeth on occlusal 
(biting) and approxlmal (adjacent contacting) surfaces. 
Caries starts as a subsurface demineralization of enamel, 
may progress to the underlying dentine and, eventually, to 
cavitation of the surface. Accurate diagnosis before 
cavitation would permit targeted preventive treatment, 
thereby significantly improving dental health and reducing 
the need for expensive drilling and filling. Inaccessibility of 
caries initiation sites and recent changes in lesion 
morphology contribute to the relatively poor accuracy of 
conventional diagnostic methods2. Among alternative 
techniques, measurements of electrical resistance3 5 have 
shown the most promise. Here we describe a new 
experimental technique that demonstrates an outstanding 
100% correlation between a.c, impedance measurements 
of whole teeth and the actual extent of approximal caries in 
vitro. Only relatively minor modifications should be 
required to transfer the technique to in vivo applications.
Impedance spectroscopy, which involves the measurement of 
current in response to the application of a sinusoidally varying 
voltage over a wide frequency range'1,1', has been used to study  
dental enamel”’*' and dentine1". The effects of a carious lesion on  
the electrical properties of enamel and dentine in whole teeth  
have not yet been studied systematically. The aims of this study 
were (1) to characterize the com plex impedance behavior of  
whole extracted premolar teeth, measured at one or both of their 
approximal surfaces; by a m ethod which could in its essential 
features be reproduced in a clinical situation, and (2) to identify 
parameters of the complex impedance behavior of the teeth that 
would be useful in distinguishing between degrees of carious in ­
volvement. in order to establish a method of measurement that 
could be reproduced in a clinical situation, it was necessary to 
develop a contact electrode from a material that could be used in 
a thickness of only a fraction of a millimeter, was flexible and 
hydrophobic, and could be impregnated at specific sites with  
electrically conducting material. Such a material was identified  
and a device designed for in vivo use (Patent pending, University 
of Dundee, 1995),
The sam ple of teeth  that were studied consisted  of 26 unre­
stored extracted premolar teeth, w ith  varying degrees of carious 
lesions in the approximal surfaces. The individual approximal 
surfaces were assigned to one o f three groups on the basis o f their 
direct visual appearance, sound (S) if n o  visible sign of caries was 
apparent; w hite or brown spot lesion (indicative of demineraliza­
tion due to caries) w ith  no detectable loss of surface enamel (L), 
and ca vita ted (C) if there was a carious lesion with an area where 
there was obvious loss o f surface enam el. For each group (S, L 
and C) ten surfaces were measured. Subsequent to measurement, 
the teeth were hem isectioned and serially sectioned to validate 
the visual categorization of the teeth and to  determ ine the true 
extent of any caries in  enamel or dentine.
The a.c. im pedance m easurem ents were carried out w ith  the 
teeth placed in a custom -built Perspex chamber. Details o f the 
chamber and the tech n iq u e are given in  the M ethods section. 
M easurements of a.c. im pedance were carried out over a wide  
range of frequencies, typically from 300 kHz to 1 Hz* Preliminary 
experiments were carried out to establish reproducibility o f the  
technique. At least six measurements were carried out on each of 
these teeth. Reproducibility was excellen t, representing varia­
tions of less than a factor o f two, w hich  was minimal compared 
with the variation of 100 in the resistances between the different 
categories of tooth surfaces. The results of the measurements of a 
representative tooth from each o f the three categories St L and C 
are presented in Fig, 1.
The electrical response of any material can be represented by 
an equivalent circuit. The equivalent circuit described in the 
Methods section and derived for use in this experim ent was fit­
ted to our data using a nonlinear least-squares procedure. In Pig.
1 the solid lines represent the best fit obtained, and the dots rep­
resent the data. The scale of the differences in the electrical 
responses of the teeth in each of the three histological categories 
is readily apparent.
The mean values (with standard deviations) for the total resis­
tances in M fi (the sum of the two resistances in the equivalent
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Fig. 1 Examples of the complex plane plots of a representative 
tooth from each of the three groups: S, shown in blue; L, shown in 
black; and C, shown in red. The plot for the C group tooth Is en ­
larged in the inset to facilitate visualization. The graphs plot the val­
ues for Z", the imaginary impedance, against Z', the real impedance, 
at the various frequencies applied to each tooth.
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